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Abstract We describe a statistically significant correlation

between two well-characterized responses to dioxin-like

compounds in birds; induction of 7-ethoxyresorufin-O-de-

ethylase (EROD) activity in cultured hepatocytes, and

embryo mortality. Data were obtained from a review of the

literature. EROD EC50 values for 2,3,7,8-tetrachlo-

rodibenzo-p-dioxin (TCDD) and 6 polychlorinated biphe-

nyls (PCBs) were strongly correlated with LD50 values in

chicken embryos (r2 = 0.93, P \ 0.005). Similarly, EROD

EC50 values for TCDD and a potent dioxin-like compound,

PCB 126, were correlated with embryonic LD50 values in

different species of birds (chicken, ring-necked pheasant,

turkey, double-crested cormorant, and common tern)

(r2 = 0.92, P \ 0.005). Our findings contribute to a devel-

oping understanding of the molecular basis for differential

dioxin sensitivity in birds, and validate the EROD bioassay

as a useful predictive tool for ecological risk assessment.

Keywords EROD � Egg injection � Avian �
Dioxin-like compound � EC50 � LD50

Introduction

Dioxin-like compounds are lipophilic environmental con-

taminants that are toxic to most vertebrates. Sensitivity to

the adverse effects of dioxin-like compounds can be

extremely variable among species. This variability poses a

challenge for ecological risk assessment since it is not

practical to carry out toxicity testing in many species of

wildlife. Consequently, a focus of our research has been the

development of biochemical markers of dioxin sensitivity

in avian models (Head et al. 2008; Karchner et al. 2000;

Karchner et al. 2006; Kennedy et al. 1996a).

Toxicological effects of dioxin-like compounds occur

through the aryl hydrocarbon receptor (AHR), a ligand-

activated nuclear transcription factor. AHR activation

results in a number of biochemical changes in the cell,

including induction of cytochrome P4501A enzymes,

commonly measured as 7-ethoxyresorufin-O-deethylase

(EROD) or aryl hydrocarbon hydroxylase (AHH) activity.

Cytochrome P4501A induction is not generally considered

to be overtly toxic in itself, but as an indicator of AHR

activation it can be a powerful biomarker of both expo-

sure to and effects of dioxin-like compounds (Okey et al.

2005).

Several examples of associations between biochemical

aspects of the AHR response pathway and toxicological

measures of dioxin sensitivity have been cited in the

rodent literature. For example, it has long been known that

the structure of a dioxin-like compound and the affinity

with which it binds to the AHR is related to its toxic

potency (Poland and Knutson 1982; Safe 1990). Experi-

ments using the H4IIE rat hepatoma cell line demonstrate

that -log EC50 values for induction of AHR-mediated

AHH activity in vitro are correlated with -log ED50

values for in vivo endpoints such as AHH induction, body
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weight loss and thymic atrophy in rats (Safe 1987; Safe

1990). This finding has been useful for risk assessment

because it establishes that the in vivo potency of a com-

pound can be estimated using a high-throughput in vitro

assay. EC50 values from the H4IIE assay have contributed

to the derivation of mammalian toxic equivalency factors

(TEFs) for a number of less commonly studied dioxin-like

compounds (Van den Berg et al. 1998; Van den Berg et al.

2006).

In avian species, biochemical effects of dioxin-like

compounds have been studied using a primary embryo

hepatocyte culture model. EROD EC50 values assessed in

cultured hepatocytes are available for over 30 dioxin-like

compounds in chicken, and in 10 species of wild and

domestic birds (Bosveld 1995; Kennedy et al. 1996a;

Kennedy et al. 2003; Kennedy et al. 1996b; Lorenzen et al.

1997; Sanderson et al. 1998). These data have contributed

to the derivation of avian-specific TEFs under the

assumption that, analogous to the rat model, the in vivo

potency of a compound can be predicted by its in vitro

potency in birds (Van den Berg et al. 1998). Similarly, it

has been hypothesized that EROD EC50 values might be

useful for predicting in vivo dioxin sensitivity for indi-

vidual species of birds (Kennedy et al. 1996a). More

recently, molecular studies have provided a mechanistic

basis for this hypothesis by identifying an association

between the genetic sequence of the avian AHR and spe-

cies differences in biochemical and toxicological responses

to dioxin-like compounds (Head et al. 2008; Karchner et al.

2006).

In spite of important applications to ecological risk

assessment, the perceived association between biochemical

and toxicological measures of dioxin sensitivity has never

been tested in birds. Here, we review and analyse previ-

ously published data in order to evaluate statistical corre-

lations between EROD EC50 and LD50 values for multiple

compounds and in multiple species. To our knowledge, this

is the first time such an analysis has been undertaken for

birds and the first analysis to consider the relationship

between EROD EC50 and LD50 among species. This work

has important implications for ecological risk assessment

and contributes to an emerging picture of mechanisms

underlying variation in dioxin sensitivity in birds.

Data and methods

Data selection: LD50

Many studies report on toxicological effects of dioxin-like

compounds in birds (reviewed in Barron et al. 1995; Bos-

veld and Van den Berg 1994; Hoffman et al. 1996).

Experiments can vary with respect to contaminant,

endpoint, developmental stage, route of exposure, and

duration of exposure. Because it is difficult to compare data

generated using different experimental approaches we only

included mortality data derived from laboratory-based egg

injection studies in our analysis. Experimental constraints

involved in working with eggs favor a comparative

approach because the timing and duration of the exposure

are tied to the developmental stage of the embryo (since

most exposures start early in development and are carried

through until hatching). Moreover, the pool of data

describing mortality in avian embryos resulting from egg

injection is relatively large.

LD50 data were used to evaluate the sensitivity of

chicken embryos to a variety of dioxin-like compounds.

Chicken embryo mortality data for TCDD and 6 PCB

congeners were taken from a series of experiments per-

formed by Brunström and colleagues (Brunström 1990;

Brunström and Andersson 1988; Brunström and Halldin

1998). Although embryonic LD50 values from other

groups are available we chose to use this data set exclu-

sively in order to reduce error associated with methodo-

logical differences between experiments. The PCB

congeners were; 3,30,4,40-tetrachlorobiphenyl (PCB 77),

3,30,4,40,5-pentachlorobiphenyl (PCB 126), 2,3,30,4,40-
pentachlorobiphenyl (PCB 105), 3,30,4,40,5,50-hexachloro-

biphenyl (PCB 169), 2,3,30,4,40,5-hexachlorobiphenyl

(PCB 156), and 2,3,30,4,40,50-hexachlorobiphenyl (PCB

157). In each study, the test compound was injected into

the air cell of fertilized eggs on day 7 of incubation and

embryos were monitored for 72 h following exposure.

We also evaluated the embryonic lethality of dioxin-like

compounds in different species of birds. Due to limited

data availability, this inter-species analysis involved com-

parison among studies with different, but similar, proto-

cols. Relevant data from each study are summarized in

Head et al. (2008). Source studies varied in some aspects of

experimental design, but each had the following elements

in common; (1) fertilized avian eggs were injected with

either TCDD or PCB 126, (2) injection occurred during the

first third of the incubation period, and (3) embryos were

monitored until at least 1 day pre-hatch. All available

LD50 data which met these criteria, and for which corre-

sponding EROD EC50 values existed, were included in our

analysis (the data used for the multi-compound analysis

were not included because they do not meet criterion 3).

For chickens, multiple egg injection studies met the above

criteria, and so we used chicken LD50 mean reference

values for TCDD and PCB 126 as defined in Head et al.

(2008). For turkeys, the LD50 value was obtained from

linear interpolation between the lowest observable adverse

effect level (LOAEL), and the dose causing 100% mor-

tality as reported by Brunström and colleagues (Brunström

1989).
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Data selection: EROD EC50

EROD EC50 data were taken from a series of experiments

performed in avian embryo hepatocyte cultures (Bosveld

1995; Kennedy et al. 1996a; Kennedy et al. 1996b; Lorenzen

et al. 1997; Sanderson et al. 1998). All available EROD

EC50 data with corresponding LD50 values were included

with one exception: representative EROD EC50 values for

TCDD and PCB 126 in chicken embryo hepatocytes were

used (see below for details). Many aspects of experimental

design such as the method of preparing cell cultures, the

volume of solution used to dose cells, and the duration of

exposure to test compounds were the same in all of the

experiments reviewed. Two important exceptions are noted.

First, the carrier solvent for the test compound was dimethyl

sulfoxide (DMSO) for all species except for double-crested

cormorant where isooctane was used. The EROD EC50 data

presented for double-crested cormorant represent DMSO-

normalized values as presented by the authors of the original

study (Sanderson et al. 1998). Second, birds were euthanized

at various developmental stages. Chickens, ring-necked

pheasants, and turkeys were euthanized at 1–3 days pre-

hatch (Kennedy et al. 1996a). Double-crested cormorants

were euthanized within 24 h of hatching (Sanderson et al.

1998), and common terns were euthanized within 24 h of

hatching (Bosveld 1995), or at 2–5 days pre-hatch (Lorenzen

et al. 1997). This variability in experimental design was not

ideal for comparisons between studies; EROD EC50 values

have been shown to be higher in hepatocytes cultured from

older embryos or hatchlings (Bosveld et al. 1997). We nev-

ertheless chose to include raw data from each study, in part

because variability between experiments appears to be more

important than variability related to difference in develop-

mental stage (Bosveld et al. 1997; Bosveld 1995). A more

accurate predictive model would require multi-species

EROD EC50 data from a single developmental stage.

EROD EC50 values for TCDD or PCB 126 in chicken

embryo hepatocytes were presented in many of the studies

referenced in this paper. We chose to use representative

values taken from a single study (Kennedy et al. 1996a)

because these data were the most consistent in addressing

the variations in methodology noted above; i.e. DMSO was

used as the vehicle, embryos were euthanized at an inter-

mediate developmental stage (1 day pre-hatch), and hepa-

tocytes were cultured from a large pool of embryos with

multiple replicates analyzed. Moreover, these values were

very close to mean values calculated by taking data from

all referenced papers into consideration.

Analysis

LD50 values from each study were converted to molar

concentrations of test chemical and expressed as nmol/kg

egg. Pearson correlation was used to evaluate the rela-

tionship between log EROD EC50 and log LD50 values

(P \ 0.005). All statistical analyses were performed using

GraphPad Prism 5 software (GraphPad Software, La Jolla,

CA).

Results and discussion

The ability to predict in vivo sensitivity to environmental

contaminants based on molecular parameters is valuable

for ecological risk assessment. Here, we provide evidence

that a well-characterized biochemical measure of the

potency of dioxin-like compounds (EROD EC50 in hepa-

tocyte cultures) is significantly correlated with a toxico-

logical measure of dioxin sensitivity (LD50) in birds.

A survey of the literature produced EROD EC50 and

embryonic LD50 values for 7 dioxin-like compounds in

chicken. A highly significant correlation between log EROD

EC50 values and log LD50 values was observed for TCDD

and 6 PCB congeners (Fig. 1, r2 = 0.93, P \ 0.005). A

similar result has been reported previously for the H4IIE rat

hematoma cell line. Linear correlations between -log AHH

EC50 values assessed in H4IIE cells and in vivo measures of

dioxin sensitivity (thymic atrophy (r = 0.92), and body

weight loss (r = 0.93)) were observed for 22 dioxin-like

compounds. Cytochrome P4501A-based bioassays have also

been used to estimate the potency of dioxin-like compounds

in fish models (Clemons et al. 1994; Hahn et al. 1996; Henry
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Fig. 1 Relationship between in vitro and in vivo potency of TCDD

and 6 PCB congeners in chicken. EROD EC50 values for each

compound were determined in chicken embryo hepatocyte cultures

(Kennedy et al. 1996a; Kennedy et al. 1996b). LD50 values were

assessed in chicken embryos over 72 h of exposure starting on

embryonic day 7 (Brunström 1990; Brunström and Andersson 1988;

Brunström and Halldin 1998). EROD EC50 values were significantly

correlated with LD50 values (r2 = 0.93, P \ 0.005)
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et al. 2001). In rainbow trout, TEFs derived from EC50

values for cytochrome P4501A mRNA induction in a

gonadal cell line were correlated with TEFs derived from

early life stage mortality (r2 = 0.66) (Zabel et al. 1996).

Based on previous findings (Kennedy et al. 1996a), we

hypothesized that the relationship between EROD EC50

and LD50 that was observed for different compounds

(Fig. 1) would also apply to differences in sensitivity

among species. Because the amount of data available for

any single compound was insufficient for testing this

hypothesis, we included results for two different test

compounds, TCDD and PCB 126, in our analysis. Log

EROD EC50 values for TCDD and PCB 126 were signif-

icantly correlated with log LD50 values in different species

of birds (Fig. 2, r2 = 0.92, P \ 0.005). TCDD and PCB

126 are both potent dioxin-like compounds that are resis-

tant to metabolism. Based on results from the rat H4IIE cell

line, more readily metabolized compounds might not be

expected to exhibit the same linear correlation (Safe 1987).

Further analysis of the relationship between EROD EC50

and LD50 among species will require additional data for

multiple compounds in multiple species of birds. It remains

to be seen whether the correlation we observed would be

replicated for a single test compound in multiple species, or

for other less potent dioxin-like chemicals.

Our analysis of inter-species variability in dioxin sen-

sitivity may have been affected by the quality of the

available data as well as the quantity. Some of the LD50

values reported in Fig. 2 were affected by high mortality in

the vehicle group or incomplete dose–response curves

(Brunström 1989; Nosek et al. 1993; Powell et al. 1998).

EROD data were not always reproducible as demonstrated

by the almost 4-fold difference in EC50 values for PCB

126 in two common tern studies (Table 1). Furthermore,

differences in design between experiments made direct

comparisons somewhat problematic (see Data and methods

section). In spite of these limitations, EROD EC50

appeared to be a strong predictor of LD50 over the large

range of dioxin sensitivities observed. Improvements to the

EROD bioassay and egg injection techniques may lead to

more reproducible values, refinements of the model, and

novel insights.

Our findings establish a correlation between EROD

EC50 values for dioxin-like compounds assessed in cul-

tured cells, and LD50 values assessed by egg injection

experiments in birds. This finding validates the EROD

bioassay as a useful method for evaluating the relative

sensitivity of dioxin-like compounds in avian species,

reducing the need for extensive in vivo toxicity testing.

Furthermore, by establishing a correlation between an

AHR-mediated biochemical endpoint (EROD) and in vivo

toxicity, our results add weight-of-evidence to an emerging
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Fig. 2 Relationship between in vitro and in vivo potency of dioxin-

like compounds in avian species. EROD EC50 and LD50 values for

TCDD (filled triangle) or PCB 126 (open triangle) in five avian

species are shown. EROD EC50 values were determined in hepato-

cytes cultured from each species. LD50 values were derived from egg

injection studies which injected the test compound within the first

third of incubation and monitored the embryos until at least 1 day pre-

hatch. Source data and references are presented in Table 1. EROD

EC50 values were significantly correlated with LD50 values for

TCDD and PCB 126 in multiple species (r2 = 0.92, P \ 0.005)

Table 1 In vitro and in vivo measures of species sensitivity to TCDD

and PCB 126 (references for Fig. 2)

Species Compound EROD EC50

(nM)

LD50

lg/kg

egg

nmol/kg

egg

Chicken TCDD 0.016a 0.18e 0.56

Ring-necked

pheasant

TCDD 0.14a 2.2f 6.8

Double-crested

cormorant

TCDD 1.1b,j 4g 12.4

Chicken PCB 126 0.052a 1.1e 3.4

Turkey PCB 126 5.1a 28.75h,l 88.1

Common tern PCB 126 2.5c, 9.8d,k 104i 318.6

a Kennedy et al. (1996a)
b Sanderson et al. (1998)
c Bosveld (1995)
d Lorenzen et al. (1997)
e Head et al. (2008)
f Nosek et al. (1993)
g Powell et al. (1998)
h Brunström (1989)
i Hoffman et al. (1998)
j Normalized to account for different vehicle
k Mean of two common tern values is presented in Fig. 2
l Turkey LD50 value was derived by linear interpolation between the

LOAEL (20 lg/kg; 36% mortality), and the LD100 (60 lg/kg; 100%

mortality)
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picture of the importance of AHR activation in differential

biochemical responses to dioxin-like compounds in birds

(Head et al. 2008; Karchner et al. 2006).

Acknowledgments This work was funded in part by Environment

Canada’s Wildlife Toxicology and Disease program.

References

Barron MG, Galbraith H, Beltman D (1995) Comparative reproduc-

tive and developmental toxicology of PCBs in birds. Comp

Biochem Physiol C 112:1–14

Bosveld A (1995) Effects of polyhalogenated aromatic hydrocarbons

on piscivorous avian wildlife. PhD thesis, Utrecht University,

The Netherlands

Bosveld ATC, Van den Berg M (1994) Effects of polychlorinated

biphenyls, dibenzo-p-dioxins, and dibenzofurans on fish-eating

birds. Environ Rev 2:147–166

Bosveld ATC, Kennedy SW, Seinen W, Van den Berg M (1997)

Ethoxyresorufin-O-deethylase (EROD) inducing potencies of

planar chlorinated aromatic hydrocarbons in primary cultures of

hepatocytes from different developmental stages of the chicken.

Arch Toxicol 71:746–750

Brunström B (1989) Toxicity of coplanar polychlorinated biphenyls

in avian embryos. Chemosphere 19:765–768

Brunström B (1990) Mono-ortho-chlorinated chlorobiphenyls: toxic-

ity and induction of 7-ethoxyresorufin O-deethylase (EROD)

activity in chick embryos. Arch Toxicol 64:188–192

Brunström B, Andersson L (1988) Toxicity and 7-ethoxyresorufin

O-deethylase-inducing potency of coplanar polychlorinated

biphenyls (PCBs) in chick embryos. Arch Toxicol 62:263–266

Brunström B, Halldin K (1998) EROD induction by environmental

contaminants in avian embryo livers. Comp Biochem Physiol C

121:213–219

Clemons JH, Van den Heuvel MR, Stegeman JJ, Dixon DG, Bols NC

(1994) Comparison of toxic equivalent factors for selected

dioxin and furan congeners derived using fish and mammalian

liver cell lines. Can J Fish Aquat Sci 51:1577–1584

Hahn ME, Woodward BL, Stegeman JJ, Kennedy SW (1996) Rapid

assessment of induced cytochrome P4501A protein and catalytic

activity in fish hepatoma cells grown in multiwell plates: response

to TCDD, TCDF, and two planar PCBs. Environ Toxicol Chem

15:582–591

Head JA, Hahn ME, Kennedy SW (2008) Key amino acids in the aryl

hydrocarbon receptor predict dioxin sensitivity in avian species.

Environ Sci Technol 42:7535–7541

Henry TR, Nesbit DJ, Heideman W, Peterson RE (2001) Relative

potencies of polychlorinated dibenzo-p-dioxin, dibenzofuran,

and biphenyl congeners to induce cytochrome P4501A mRNA in

a zebrafish liver cell line. Environ Toxicol Chem 20:1053–1058

Hoffman DJ, Rice CP, Kubiak TJ (1996) PCBs and dioxins in birds.

In: Beyer WN, Heinz GH, Redmon-Norwood AW (eds)

Environmental contaminants in wildlife—interpreting tissue

concentrations. CRC Press, Boca Raton, pp 165–207

Hoffman DJ, Melancon MJ, Klein PN, Eisemann JD, Spann JW

(1998) Comparitive developmental toxicity of planar polychlo-

rinated biphenyl congeners in chickens, American kestrels, and

common terns. Environ Toxicol Chem 17:747–757

Karchner SI, Kennedy SW, Trudeau S, Hahn ME (2000) Towards

molecular understanding of species differences in dioxin sensi-

tivity: initial characterization of Ah receptor cDNAs in birds and

an amphibian. Mar Environ Res 50:51–56

Karchner SI, Franks DG, Kennedy SW, Hahn ME (2006) The

molecular basis for differential dioxin sensitivity in birds: role of

the aryl hydrocarbon receptor. Proc Natl Acad Sci USA

103:6252–6257

Kennedy SW, Lorenzen A, Jones SP, Hahn ME, Stegeman JJ (1996a)

Cytochrome P4501A induction in avian hepatocyte cultures: a

promising approach for predicting the sensitivity of avian

species to toxic effects of halogenated aromatic hydrocarbons.

Toxicol Appl Pharmacol 141:214–230

Kennedy SW, Lorenzen A, Norstrom RJ (1996b) Chicken embryo

hepatocyte bioassay for measuring cytochrome P4501A-based

2,3,7,8-tetrachlorodibenzo-p-dioxin equivalent concentrations in

environmental samples. Environ Sci Technol 30:706–715

Kennedy SW, Jones SP, Elliott JE (2003) Sensitivity of bald eagle

(Haliaeetus leucocephalus) hepatocyte cultures to induction of

cytochrome P4501A by 2,3,7,8-tetrachlorodibenzo-p-dioxin.

Ecotoxicology 12:163–170

Lorenzen A, Shutt JL, Kennedy SW (1997) Sensitivity of common

tern (Sterna hirundo) embryo hepatocyte cultures to CYP1A

induction and porphyrin accumulation by halogenated aromatic

hydrocarbons and common tern egg extracts. Arch Environ

Contam Toxicol 32:126–134

Nosek JA, Sullivan JR, Craven SR, Gendron-Fitzpatrick A, Peterson

RE (1993) Embryotoxicity of 2,3,7,8-tetrachlorodibenzo-

p-dioxin in the ring-necked pheasant. Environ Toxicol Chem

12:1215–1222

Okey AB, Franc MA, Moffat ID, Tijet N, Boutros PC, Korkalainen

M, Tuomisto J, Pohjanvirta R (2005) Toxicological implications

of polymorphisms in receptors for xenobiotic chemicals: the case

of the aryl hydrocarbon receptor. Toxicol Appl Pharmacol 207:

43–51

Poland A, Knutson JC (1982) 2,3,7,8-Tetrachlorodibenzo-p-dioxin

and related halogenated aromatic hydrocarbons: examination of

the mechanism of toxicity. Annu Rev Pharmacol Toxicol 22:

517–554

Powell DC, Aulerich RJ, Meadows JC, Tillitt D, Kelly ME,

Stromborg KL, Melancon MJ, Fitzgerald SD, Bursian SJ

(1998) Effects of 3,30,4,40,5-pentachlorobiphenyl and 2,3,7,

8-tetrachlorodibenzo-p-dioxin injected into the yolks of double-

crested cormorant (Phalacrocorax auritus) eggs prior to incuba-

tion. Environ Toxicol Chem 17:2035–2040

Safe S (1987) Determination of 2,3,7,8-TCDD toxic equivalent

factors (TEFs): support for the use of the in vitro AHH induction

assay. Chemosphere 16:791–802

Safe S (1990) Polychlorinated biphenyls (PCBs), dibenzo-p-dioxins

(PCDDs), dibenzofurans (PCDFs), and related compounds:

environmental and mechanistic considerations which support

the development of toxic equivalency factors (TEFs). Crit Rev

Toxicol 21:51–88

Sanderson JT, Kennedy SW, Giesy JP (1998) In vitro induction of

ethoxyresorufin-O-deethylase and porphyrins by halogenated

aromatic hydrocarbons in avian primary hepatocytes. Environ

Toxicol Chem 17:2006–2018

Van den Berg M, Birnbaum L, Bosveld ATC, Brunström B, Cook P,

Feeley M, Giesy JP, Hanberg A, Hasegawa R, Kennedy SW,

Kubiak T, Larsen JC, van Leeuwen FX, Liem AK, Nolt C,

Peterson RE, Poellinger L, Safe S, Schrenk D, Tillitt D, Tysklind M,

Younes M, Waern F, Zacharewski T (1998) Toxic equivalency

factors (TEFs) for PCBs, PCDDs, PCDFs for humans and

wildlife. Environ Health Perspect 106:775–792

Van den Berg M, Birnbaum LS, Denison M, De Vito M, Farland W,

Feeley M, Fiedler H, Hakansson H, Hanberg A, Haws L, Rose M,

Safe S, Schrenk D, Tohyama C, Tritscher A, Tuomisto J,

Tysklind M, Walker N, Peterson RE (2006) The 2005 World

Health Organization reevaluation of human and mammalian

Correlation between an in vitro and an in vivo measure of dioxin sensitivity

123



toxic equivalency factors for dioxins and dioxin-like compounds.

Toxicol Sci 93:223–241

Zabel EW, Pollenz R, Peterson RE (1996) Relative potencies of

individual polychlorinated dibenzo-p-dioxin, dibenzofuran, and

biphenyl congener mixtures based on induction of cytochrome

P4501A mRNA in a rainbow trout gonadal cell line (RTG-2).

Environ Toxicol Chem 15:2310–2318

J. A. Head, S. W. Kennedy

123


	Correlation between an in vitro and an in vivo measure of dioxin sensitivity in birds
	Abstract
	Introduction
	Data and methods
	Data selection: LD50
	Data selection: EROD EC50
	Analysis

	Results and discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


